The aim is to study the effect of Tartrazine (E102) 
INTRODUCTION
Food colours are found to have an effect in the food choice by influencing taste, sweetness and pleasantness. Making the food products, many attractive types of natural and synthetic dyes were used. Comparatively, the synthetic food dyes are stable, less expensive and occupy an important place in food industry [1] . The most common artificial food colours were azo dyes that included the aromatic azo compounds, such as Tartrazine which is widely used. Tartrazine is an orange-coloured, water-soluble (E102 or FD & C Yellow 5 or C.I. 19140) colour, principally, the trisodium 5-hydroxy-1-(4-sulfonatophenyl)-4-(sulfanotophenylazo)-H-pyrazol-3-carboxylate.
Many products like soft drinks, flavoured chips, confectionery mixes, soups, sauces, ice cream, jam and jelly contain Tartrazine [2] . Children are mostly attracted towards the coloured foods especially sweets, beverages and confectioneries and are the major consumers of coloured foods. In a developing country like India, the indiscriminate use of food colours, during festival seasons, was above the acceptable daily intake (ADI), which in turn resulted in serious health hazards among the human beings [3] . The ingestion of Tartrazine had shown some behavioural changes among children such as irritability, restlessness, sleep disturbance [4] [5] . Animal studies also have established the DNA-damaging (mutagenic) effect of Tartrazine [6] .
The metabolite of Tartrazine can generate reactive oxygen species (ROS), which, in turn, accelerate the oxidative stress [7] . Tartrazine causes changes in kidney and liver biochemical profiles [8] and also becomes more risky at higher doses, inducing oxidative stress on tissue by free radical formation. Oxidative metabolism of cells is a continuous source of ROS, resulting from univalent reduction of O 2 that can damage most cellular components, leading to cell death [9] . Antioxidant system is involved in the defense system against free radicalmediated tissue or cellular damage [10] . Considerable knowledge about the antioxidant insult by Tartrazine had not been documented so far. Hence, it is aimed to study the enzymatic antioxidant profiles -superoxide dismutase (SOD), catalase (CAT), glutathione peroxidase (GPx) and glutathione reductase (GR) of testes of tartrazine -treated rats.
II. MATERIALS AND METHODS

Chemicals
All the chemicals and reagents were obtained from Sigma chemical company [USA] and Sarabhai M chemicals [India] . Tartrazine was obtained from Roha Dyechem Pvt. Ltd., Maharashtra [India].
Animals
Twelve healthy adult male albino rats of Wistar strain [Rattus norvegicus] weighing 150 -200 g of body weight and 90 days old were used. The rats were kept in clean polypropylene cages in a temperature controlled room with 12 hours light/dark schedule. They were fed with balanced diet with free access of water.
All the animal experiments were conducted according to the ethical norms approved by Ministry of Social Justices and Empowerment, Government of India, and Institutional Animal Ethical Committee guidelines. The rats were randomly divided into two groups of six each. Group-I included control rats that received water for 60 days. Group-II received Tartrazine dissolved in water (72 mg/kg body weight/day) for 60 days.
On the 61 st day, they were sacrificed by decapitation. Testes of each animal were excised and used for histological and biochemical studies. A portion of each testis was fixed in 10% neutral buffered formalin for histopathology, and was further processed using standard method. The micro-sections of 5 μm thicknesses were stained with haemotoxylin-eosin and the prepared slides were examined under light microscope.
The tissue extract was used for estimation of activities of SOD [11] , CAT [12] , GPx [13] and GR [14] . The testicular content of trace elements like copper (Cu), zinc (Zn), manganese (Mn) and iron (Fe) were also estimated after acid digestion, using Inductively Coupled Plasma -Optical Emission Spectrophotometer (ICP-OES) (Make: Perkin Elmer Precisely; Model: Optima 2100DV). Data were arrived at as mean ± SEM. The statistical significance was determined by Student's't' test.
III.
RESULTS
The activities of antioxidant enzymes were measured in Tartrazine-treated rat testes and compared with that of control rats. Administration of tartrazine to rats for 60 days had significantly reduced the SOD and CAT activities (P<0.001) in testes (Fig.1) . Similarly, GPx and GR, other enzymes of the antioxidant system were also found to be fluctuated (P<0.01) in tartrazine-treated rat testes (Fig.1 ). 
Activity of Testicular Antioxidant Enzymes
In addition to antioxidant enzyme activities, the major cofactors of these enzymes -Cu, Zn, Fe and Mn -were also quantified in testicular tissues of control and tartrazine-treated rats. The content of Cu and Zn was less (P<0.001) in tartrazine-treated rat testes than in the control rat testes (Fig.2) . Conversely, the Fe (P<0.01) and Mn (P<0.05) contents of testes of tartrazine-treated animals showed a significant rise, when compared to that of the control animals ( Along with the enzyme activities and trace elements quantification, the light microscopic study was also attempted in the testes of these two groups. The systemic and well-differentiated seminiferous tubules and Leydig cells, with their regular orientation were noticed in control rat testes (Fig.3) , whereas tartrazine administration had reduced the space in between seminiferous tubules, which resulted in shrunken and minimized Leydig cells (Fig.4) . The regular and circular shape of seminiferous tubules and radial differentiation of their spermatogenic cells were also severely disturbed by the food dye treatment (Fig.4) . Instead of circular shape, the tubules were ovally elongated and showed poorly differentiated spermatogenic cells (Fig.4) . Further, the treatment resulted in narrowed intertubular space and reduced luminal space for spermatogenic products (Fig.4) . 
IV.
DISCUSSION
Oral administration of Tartrazine, daily to male rats for sixty days of duration, suppressed the activities of antioxidant enzymes in testes. SOD, a primary free radical-scavenging antioxidant enzyme [15] , which detoxifies superoxide (O 2 -. ), got critically reduced with its activity by this subchronic treatment. The influx of tartrazine and its metabolites might have caused the generation of free radicals like H 2 O 2 , which, in excess, would have inhibited the activity of SOD [16] in testes. To support our suggestion about food colour administration, a recent study has demonstrated the generation of ROS by food colours [8] , which could induce oxidative stress. Our results are in accordance with recent reports that demonstrated the declined activities of antioxidant enzymes in liver [17] and brain [18] of tartrazine-treated rats. Production of ROS in an organism was correlated to the decreased levels of antioxidant enzymes, which results in oxidative stress [19] . The oxidative stress is due to the disruption of the equilibrium between production of free radicals and their being scavenged by the antioxidant system [20] [21] .
Excessive ROS production that exceeds critical levels can overwhelm all antioxidant defense strategies, causing oxidative stress [22] . . As a result of ROS formation, the antioxidant defense mechanism of the cells including SOD, CAT and GSH began to prevent the cell death by these toxic radicals so their levels in the tissue homogenate were decreased specially at higher doses [17] .The extent of oxidative stress-induced damage depends not only on the nature and amount of ROS involved but also on the moment and duration of ROS exposure and ROS scavengers [19] .
Deficiencies of trace elements like Zn and Cu have been implicated with infertility [23] . The Cu, Fe, Mn and Zn are the integral parts of enzymatic antioxidants and they play important roles in the catalytic and antioxidant activities of major enzymes [24] . In the present study, an attempt was made to correlate the levels of Cu, Fe, Mn and Zn to that of the activities of antioxidant enzymes in the testicular tissues from control and tartrazine-treated animals. Interestingly, the levels of Cu and Zn in testes of experimental animals were reduced by tartrazine. The Cu and Zn are the metallic parts of Cu-Zn SOD, catalyzing the dismutation of superoxide to H 2 O 2 , which must be removed by CAT and/or GPx. The observed reduction of Cu and Zn in tartrazine-treated testes would have decreased the activities of SOD [25] .
Tartrazine seems to act as a zinc-chelating agent [26] and might have ended in the depletion of Zn in testes. Further, the reduction of Zn in tartrazine-treated animal tissue would have been due to increased urinary excretion of Zn by tartrazine [27] . The presence of Zn at the cellular level is essential for the cell growth and division in gonads, which occurs continuously [28] . Zn deficiency could seriously affect reproductive events in most species i.e. in male; it affects spermatogenic process [29] . Deficiency of Zn caused testicular atrophy and reductions in libido and sperm production and atrophy of seminiferous tubules and complete inhibition of spermatogenesis [30] .
Cu deficiency results in an increase in Fe, whereas an excess of Cu results in decrease in Fe utilization [31] . So, the reciprocal antagonism between Cu and Fe might be the reason for the increased Fe in the tartrazinetreated rats. Zn is a remarkable antioxidant [32] , whose deficiency results in oxidative stress. Oxidative stress due to excessive production of ROS, impaired antioxidant defense mechanisms or both participate in the damage of testicular structure or the architecture of seminiferous tubules, which are believed to negatively affect the male reproductive function. All cellular components including lipids, proteins, nucleic acids and sugars are potential targets for oxidative stress. ROS can damage proteins, lipids and DNA, altering the organ structure and function. The membrane lipids contain unsaturated fatty acids, which are particularly susceptible to peroxidation. As the biological membranes are prone to the ROS effect, the peroxidation of unsaturated fatty acids in biological membranes leads to a decrease of membrane fluidity and disruption of membrane integrity and function, which is implicated in serious pathological changes [33] . Spermatozoa are particularly susceptible to oxidative stress-induced damage because their plasma membranes contain large quantities of polyunsaturated fatty acids [34] and their manchettes contain low concentration of scavenging enzymes [35] . Among the wellknown biological antioxidants, systems of SOD, CAT, GPx and GR have a significant role in protecting the spermatogenesis or sperm against peroxidative damage [35] .
Superoxide, peroxide, hydroxyl radical and other free radicals derived from oxygen are highly reactive and threatening to the integrity of essential biomolecules such as DNA and RNA, proteins, enzymes and phospholipids, responsible for membrane integrity. One antioxidant role of CAT is to lower the risk of hydroxyl radical formation from H 2 O 2 , catalyzed by Cu or Fe ions. Minerals like Mn, Cu and Zinc are involved in governing successful reproductive process [36] . The Cu and Zn are essential to destruct the free radicals through the cascading enzyme system [37] .
Histological observation under light microscope, using eosin-haemotoxylin stain, clearly shows the defective architecture of seminiferous tubules within the testes of tartrazine-treated animals. The lumens of seminiferous tubules were also found to be reduced, indicating their compressed and bundled disorientation, whereas the same were radially oriented in control testes. Similarly, Mehedi et al. (2009) [38] demonstrated the histological damages in the seminiferous tubules and Leydig cells of tartrazine-treated mice. So, the altered architecture of seminiferous tubules in tartrazine group of animals is very well correlated to the damaged membrane proteins and lipids.
V.
CONCLUSION
The present study concludes that Tartrazine initiates the Zn mobilization (by chelating action) from testis, which is essential for normal growth and functioning (spermatogenesis), and results in depression of antioxidant enzyme system. The oxidative stress caused by the imbalance of prooxidant and antioxidant system might have demorphed the testicular architecture. However, the findings and suggestions require further study on membrane structure to establish the damage caused by Tartrazine.
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